Abstract-The authors evaluated a site-independent telemedicine system. Telemedicine may be limited by the need for fixed connectivity. Wireless and site-independent technologies eliminate this limitation. Twenty-five stroke patients underwent evaluations by remote and bedside examiners. Ten of 15 (67%) NIH Stroke Scale and 9 of 11 (82%) Modified NIH Stroke Scale items showed excellent interrater reliability. Spearman correlations were Ն0.93. This Internet system is reliable and valid. Further studies should assess its use in acute stroke. We evaluated the reliability and validity of a wireless, site-independent telemedicine system in the examination of stroke deficits prior to performing acute stroke consultations. Only a fraction (Ͻ5%) of stroke patients receive thrombolytics. 1 Rural areas may be located too far away for stroke practitioners to effectively treat within the required 3-hour time window. We hypothesized that Internet-based remote video evaluation of acute stroke patients may increase numbers of patients who receive recombinant tissue plasminogen activator (rt-PA).
We evaluated the reliability and validity of a wireless, site-independent telemedicine system in the examination of stroke deficits prior to performing acute stroke consultations. Only a fraction (Ͻ5%) of stroke patients receive thrombolytics. 1 Rural areas may be located too far away for stroke practitioners to effectively treat within the required 3-hour time window. We hypothesized that Internet-based remote video evaluation of acute stroke patients may increase numbers of patients who receive recombinant tissue plasminogen activator (rt-PA).
Many specialties have reported technical feasibility and short-term outcome data for telemedicine. 2 A systematic literature review found few randomized, controlled trials, with minimal economic or efficacy analyses. 2 To date, no large-scale trial has established technical guidelines for telemedicine applications or compared telemedicine applications with standard conventional means (e.g., telephone).
Telemedicine may also be appropriate for remote stroke assessments. 3 Overall interrater reliability of the NIH Stroke Scale (NIHSS) has been shown. 4, 5 The modified NIHSS (mNIHSS) may be more reliable than the NIHSS. 6 Interrater reliability of total NIHSS scores has been shown to not vary by Ͼ4 points with excellent kappa reliability of 40% using fixed Integrated Services Digital Network (ISDN) lines. 7 A retrospective acute stroke study, using fixed triplex ISDN lines, reported 23 telemedicine consultations and an rt-PA rate of 23.8% showing the potential usefulness of telemedicine for rt-PA therapies. 8 Newer systems using broadband, wireless, or siteindependent Internet technologies may enable mobile consultations, not limited to fixed-base stations. These systems do not require fixed connections and employ advanced quality of service (QoS) technologies for live voice and video transport. We present a study of an interactive video consultation system using wireless and site-independent broadband technology.
Methods. The equipment for this study included a wireless QualComm CDMA 2000 1X EV-DO modem, Internet connectivity, a laptop computer, and the STRokE DOC audio/video teleconsultation system (figure). The wireless, high data rate (HDR) modem allows high-bandwidth (750 kilobits/s [kbps]) wireless Internet access from anywhere within the San Diego network. The AccessVideo software (BF Technologies, Inc.) includes site-independent system access, QoS error correction technology, MPEG4 video compression, 400 ϫ 300 resolution (maximum 640 ϫ 480), 30 frames per second video and synchronized audio. The remote physician can access the Internet using the wireless modem, while the AccessVideo software ensures uninterrupted connections irrespective of connection type.
Twenty-five patients age 18 years and older with chronic stroke deficit were prospectively evaluated from September 2002 to July 2003. Each patient was tested simultaneously by two of four possible NIHSS-certified examiners using the NIHSS, mNIHSS, Barthel Index (BI), and Modified Rankin Scale (MRS). 4, 6, 9, 10 One examiner (bedside) examined the patients at the bedside, while the second examiner (Remote) performed scale evaluations via the STRokE DOC system, previously placed at the remote site for these reliability evaluations. The remote physician directed the examination. The standard order of the stroke scale questions was not changed.
For reliability analyses, weighted kappa statistics were used (table 1). Total score reliability was assessed using the intraclass correlation coefficient. Validity was assessed using Spearman's correlation coefficients.
Results. There were no technical failures, with 25/25 (100%) evaluations being performed successfully. NIHSS scores ranged from 1 to 16 (median 3). The mNIHSS scores ranged from 0 to 13 (median 3). Total NIHSS scores did not differ between examiners by Ͼ4 points, while total mNIHSS scores did not differ by Ͼ3 points.
For the NIHSS, 10 (66.67%) items displayed excellent agreement, 3 (20.00%) items displayed good agreement, and 2 (13.33%) items displayed poor to no agreement. For the mNIHSS, nine (81.82%) items displayed excellent agreement and two mNIHSS items displayed good agree- ment. Although the Left leg motor item score showed only good kappa reliability, it was borderline at 0.74 for both the NIHSS and mNIHSS. The intraclass correlation coefficient and concordance correlation were excellent for the total NIHSS score (0.94) and mNIHSS score (0.95).
Construct validity was assessed using Spearman's correlation coefficients (table 2). The coefficient for the bedside examiner (NIHSS vs mNIHSS) was 0.93, and for the remote examiner, it was 0.95. Between examiners, the coefficient for the NIHSS was 0.80, and for the mNIHSS, it was 0.86. As a measure of concurrent validity, both the NIHSS and mNIHSS were compared with functional outcome measures (BI and MRS score). The coefficients for Examiner 1 (NIHSS vs BI and MRS) were Ϫ0.22 and 0.25. The coefficients for (mNIHSS vs BI and MRS) were Ϫ0.21 and 0.24. Results for Examiner 2 were similar.
Discussion. We found that using site-independent and wireless Internet technologies is a feasible, reliable, and valid means to assess deficit in chronic, mild stroke patients. There were no technical failures, and our data compare favorably with those of point-to-point, hardwired, and lower bandwidth studies. 7 Excellent NIHSS item reliability generally ranges from 33 to 67%. [4] [5] [6] This study showed excellent kappa agreement for 67% of the NIHSS questions. Eighty-two percent of mNIHSS items also showed excellent kappa reliability.
Although all 25 patients were successfully assessed at 750 kbps, QoS correction algorithms resulted in a voice echo during initial consultations, which was later subtracted out using echo cancellation hardware.
Techniques aimed at increasing numbers of acute stroke thrombolytic treatments have not resulted in major treatment increases. 1 Site-independent telemedicine consultations may be one method to increase the number of patients assessed. This site-independent software is downloaded from the Internet or carried on portable memory sticks and is quickly (30 seconds) installed on laptop computers. The wireless Internet access and site-independent software allow neurologists to consult from anywhere with Internet throughput of 300 kbps or greater, irrespective of wireless signal or point-to-point connectivity.
Factors limiting the use of telemedicine include lack of clinical standards and high costs. 3 This trial is a step toward determining standards for one siteindependent telemedicine system, with reliability results showing a highly robust system. High costs can be minimized, as Internet technologies do not require costly point-to-point ISDN or fiberoptic installations.
The entire spectrum of NIHSS scores was not tested, and this study alone may not be representative of the entire stroke population. Increased patient numbers, with more severe deficits, would add to the reliability results. A larger prospective evaluation of acute stroke patients is now under way.
Health Insurance Portability and Accountability Act-related security measures regarding Internet transmission include encrypted and double password protected SSL conditional system access, e-mail notification, and 64 key ϫ 128 bit data encryption. Informed consent documents noted the potential vulnerability of data transmitted via the Internet.
Our prospective study found this wireless and balt4/znl-neurol/znl-neurol/znl00605/znl1534-05a simmsl S‫7؍‬ 1/20/05 13:09 Art: 160093 Input-c site-independent telemedicine system to be a feasible, reliable, and valid means of examining clinical stroke deficits remotely. Once reliability has been established, the need for an NIHSS-certified bedside examiner would be removed, as the acute stroke consultation would be performed only by the remote examiner with bedside assistance. Further studies should be performed to determine whether this system can be used for acute stroke consultations and whether telemedicine provides greater benefit than telephone consultations alone. Table lists Spearman correlation coefficients between and among clinical deficit scales (NIHSS and mNIHSS) and functional outcome scales (BI and mRS), for both the remote and bedside examiners. Validity assessments were performed on subset of patients with available functional outcome scales (N ϭ 23).
* p Ͻ 0.0001.
BI ϭ Barthel Index; MRS ϭ Modified Rankin Scale; NIHSS ϭ NIH Stroke Scale; mNIHSS ϭ modified NIH Stroke Scale.
